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PREFERRED

RELIABILITY DESIGN OF A SMALL APPARATUSFOR IMPROVED
PRACTICES VIBRATION/THERMAL TESTING
Practice:

A small test fixture has been spedficdly designed for condwcting vibratiorVthermal tests on small
test spedmens such asignitors and detonators. This test fixture aeates much smaller loads and
lesshastile thermal environments for the Jibrator table armature thus creatng amore reliable test
set up. Inaddition, this small test fixture prowdes much more iapid and acairate hermal
transfer to a test spedmen which resultsin more datapoints for the same test times and more
acairacy and reliability in the test data.

Benefits:

This new environmental fixtureis much smaller than ather larger, buky environmental fixture
that requireslong soaking times for even temperature stabili ty over the entire fixture and sample.
Thesmaller fixture haslessweight and requires little temperature soaking time for oldaining
fixture and spedmen temperature stability. This improves the ieliability of the test set up as low,
long term soaking temperatures can cause armature bittlenessand subsequent failure while long
term heatsoaking of the amature can cause vibrator shaker shutdown. In addition, more dcata
points can be obtained in a shorter period of time with better thermal resolution.

Programs That Certified Usage:

Vibration/Thermal Testing of the NASA Standard Initiator (NSI) andthe NASA Sandard
Detonator (NSD). [NOTE: Testing of armed NASA Standard Initiators or NASA Sandard
Detonatorsis a Hghly dangerous undertaking and proger safety precautions shoud always be
observed. For more safety information ontesting these cevices, please contact he Johnson
SoaceCenter (JC)].

Center to Contact for M or e Infor mation:

Johrson SpaceCenter (JSC)

| mplementation Method:

Two small thermal control and condtioning test apparatus have keen developed and uilized in
vibratiorn/thermal testing at JSC for NS and NSD explosive comporents. These cevicesare
applicable to all fixturing designs which utilize aflow through manifold for the thermal medium.
Although these fixtures were designed spedficaly for vibrating explosive comporents under
extreme condtionsthe application could be dtered by fabricating fixture(s) to
incorporate any type device © be thermally condtioned and/or vibrated.
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Phatographs of these goparatus are shown in Figures 1 and 2. Ead are fabricated
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Figure 1. Fixturefor NSI Thermal/Vibration Testing

out of aluminum and differ in several ways. Ead isfabricatal for its appropiate hread type,
mourting hde patten and thermal medium flow manifold. In addition,the NS fixture hasa
cover platewhere the NSD fixture does not. The reason for thisisto minimize the amount of
massthe armature hasto move duing the NSD vibration profle. Onemain dff erence between
thetwo fixturesisthetransition ofthe explosive comporents from oneaxis to ancther.

In ead apparatus, liquid nitrogen is used for cold condtioning the explosive componrent duiing
vibration testing and is controlled as shown in a Bock diagramin Figure 3. The system is cgpable

of establishing thermal fixture temperatures aslow as-310 degrees F with atemperature gradient
aaossthe fixture nat excealing 5 degreesF. A glycol/water solutionis used for hottemperature
condtioning. Thesolutionis circulated through the fixture(s) with aNedab high temperature
bath and control circuit with system cgpabili ties of up to 400 degrees F and thermal gradients not
excedaling 3 degrees F. Both apparatus’ utilize a phendlic insulator plate b minimize thermal
soaking to the armature and an armaflex cgp to minimize thermal losses. This prevents soak-out
and shutdown probdems associated with the amature.



PRACTICE NO. PT-TE-1442
PAGE 3 OF 7

DESIGN OF A SMALL APPARATUSFOR IMPROVED
VIBRATION/THERMAL TESTING

Figure 2. Fixturefor NSD Thermal/Vibration Testing

Because of the dynamics of the NSl vibration profle asecondary fixture was used to transition
from oneaxisto anather. This fixtureallowsthetranstion ofthethermal fixture fran a
horizontal planeto a \ertica ore. Thissecondary trangition fixtureis pictured in Figures 4 and 5
with the NS thermal/vibration fixture attated in the X and Y vibration planes, respecively.
Because of the dynamics of the NSD vibration profle onthe dher hand, the amount ofmass
resting ontop ofthearmatureiscriticd, since the profle is demanding close to full power output
of the vibration amplifier system. Thusthe fixturewas designed to have atransition from one
axisto ancther of the explosive comporents withoutany extra fixturing. Thisisdone by tilizing
bath the top and side of the fixture to acaomplish the X and Y axes. A 0.018inch thick shimis
used to offset the
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Figure 3. Bock Diagram of Thermal Control of Coding and Heating Medium
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FOR Z — AXIS FIXTURE
IS ROTATED 90

Figure4. Soondary Trasition Fixture with NSI Thermal/Vibration Fixture Attached in
X Vibration Plane

explosive devices 90 degrees to acaomplish the Z axis.

Tednical Rationale:

A thermal environmental chamber has been previously used at JSC to thermally condtion
explosive comporents that could bemounted to ashaker head and vibrated in three &es (X, Y,
& Z). These piior set-ups had uilized abulky and heary environmental chamber which required
structural suppotsand braangto hdd it over the shaker head. Liquid nitrogen was used as a
cold temperature condtioning media and electic heatas were used for hottemperature
condtioning. The environmental chamber had alarge air spacewhich createl temperature
gradients throughoutthe chamber. Therefore, oltaining a stable thermal condtion forthe test
subjectrequired agreatded of thermal “ soaking’ time.

Thetime requirement for condtioning thetest subjectwas aso increased at @ld temperatures
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Figureb. S‘ea)ndary_'l"ransition Fixture with NSI Thermal/Vibration Fixture Attached in
Y Vibration Plane

becaise of the need for morethermal acairacy and stability in this test range. This thermal
“soaking” acted as adetriment to the shaker armature componrents which also “ soaked ou” to
the required temperature causing them to become biittle and more susceptible to damage and/or
breskage duing the Jibration pracess Also, when condtioning thetest comporentto a hot
condtion, thearmature ran hdter. If the cooling capadty of the shaker system couldn’t keep up
with the influx of heat b the amature duringthe*hat” test, then the system over-temperature
protect arcuit shut the vibration test down.

All these limitations and inconveniences of the larger environmental chamber led to the
development ofthe smaller, controllable, environmental fixture for ubratior/thermal testing
which is the subjectof this pracice.
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I mpact of Nonpr actice:

The impactof non-praciceis that the larger environmental chamber could be wsed which would
increase costs and time to perform vibration/thermal testing. This would expose the shaker
armature to moreweight and cold soak temperature extremes. The additional weight can cause
armature failure while thelower temperatures can cause armature bittlenessand subsequent
failure and the hgher temperatures can cause vibration shaker shutdown.

Related Practices:

1. PT-TE-1402,Thermal Cycling

2. PT-TE-1405,Powered-On Vibration

3. PT-TE-1406,Snusoidal Vibraton

4. PT-TE-1413, Rindam Vibration Testing
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